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The U.S. subprime mortgage crisis has shown that personal loans are highly 
infectious and vulnerability with continuousadjustments inmacroeconomic 
andmonetary policy, especially with the hot housing market, high housing prices, and 
serious inflation. Therefore, the personal loanrisk assessment has become an 
important part of bank credit risk management, whichis critical to the stablity of the 
commercial banks. But the current literature on personal loans risk assessment model 
are generally based on one or two prediction methods, which is often difficult to 
obtain more accurate prediction results.Therefore, research on effective model of  
personal loans risk assessment in commercial bank is the purpose of this article. 
This paper introduces the extended random forest method to select variablesofthe 
personalloans risk assessment model. And in addition tovariables about the customer 
infromation, variables about loan, macro and economic situationare integrated. Input 
variables are selected based on extended the random forest method and correlation 
analysis weselect variables, including four variablesabout the 
customerinfromation,including education, age, marital status, industry, and three 
variablesabout economic situation, including household income, living situation, 
insurance status, andfour variablesabout loan and macro situation, includingthe 
amount of loans, loan guarantees, loan type, loan year. The variable of loan year 
reflects the macroeconomic situation, which is the most strongly correlated with the 
customer default. Effective integration of these variables could improve personal 
loans risk evaluation. 
Information fusionisintroduced intothefieldofpersonal loans risk assessment, and 
we propose an improvedweighted votingmethodas integrationrules.we construct 
personal loans riskassessment model respectively based on randomforestmethod, BP 
neural networks, support vector machines andlogisticregression.andbased on the 














singleclassifierare integrated, and the personal loans risk assessmentmodelbased on 
based on multiple classifier with integrationrules is constructed. The experimental 
evaluation shows that themodel based on based multi-classifier with integratedruleis 
superior tothe existingpersonal loans assessmentmodelbased on a singleclassifier, 
themodel improves theclassification accuracyanddefault predictionaccuracy, and 
reducethe first and secondfalse positive rate,which enhances therobustnessand 
reliability. The personal loans risk assessmentmodelbased on based on multiple 
classifier with integrationrulesprovidesa neweffectivemodel, but also expand 
theapplicationofinformation fusionand Artificial Intelligence (AI)tothefield ofpersonal 
loans risk assessment in china.  
 
 

















第一章绪论 ................................................................................................ 1 
1.1 研究背景与问题的提出 ........................................................................... 1 
1.2 研究的目的及意义 ................................................................................... 3 
1.2.1 研究的目的 ..................................................................................... 3 
1.2.2 研究的意义 ..................................................................................... 3 
1.3 国内外研究现状及其综述 ....................................................................... 5 
1.3.1 信用风险评估的国内外研究现状 ................................................. 5 
1.3.2 基于多分类器的信用风险评估的国内外研究现状 ................... 12 
1.3.3 研究现状评述 ............................................................................... 13 
1.4 本文研究的主要内容和创新点 ............................................................. 16 
1.4.1 文章的框架和主要研究内容 ....................................................... 16 
1.4.2 本文的特色及创新点 ................................................................... 17 
第二章银行个人信贷风险评估和多分类器集成的理论基础 ..............20 
2.1 信息不对称下的道德风险与逆向选择问题 ......................................... 20 
2.2 巴塞尔资本协议 ..................................................................................... 22 
2.2.1 巴塞尔资本协议的提出 ............................................................... 22 
2.2.2 新巴塞尔资本协议主要内容 ....................................................... 24 
2.2.3 新巴塞尔资本协议处理信用风险的方法 ................................... 25 
2.3 个人信贷风险评估的目的和目标 ......................................................... 27 
2.3.1 个人信贷风险评估目的 ............................................................... 27 
2.3.2 个人信贷风险评估的目标 ........................................................... 28 
2.4 多分类器集成的个人信贷风险评估与信息融合 ................................. 29 
2.4.1 信息融合的主要内容与常用方法 ............................................... 29 
2.4.2 多分类器集成规则与信息融合 ................................................... 31 















3.1 传统指标选择的主要方法 ...................................................................... 34 
3.1.1 主成分分析方法（PCA） ........................................................... 34 
3.1.2 因子分析方法 ............................................................................... 36 
3.1.3 典型相关方法 ............................................................................... 36 
3.2 随机森林法 ............................................................................................. 37 
3.2.1 Bagging 方法 ................................................................................. 38 
3.2.2 随机森林法（RF） ...................................................................... 39 
3.2.3 扩展的随机森林法 ....................................................................... 41 
3.3 本章小结 ................................................................................................. 43 
第四章我国个人信贷风险评估指标体系研究 ......................................44 
4.1 我国个人信贷风险原因分析 ................................................................. 44 
4.2 指标体系建立的原则 ............................................................................. 47 
4.3 个人信贷风险评估指标初步分析 ......................................................... 48 
4.4 构建基于扩展的随机森林法的指标体系 ............................................. 54 
4.4.1 数据来源与预处理 ....................................................................... 54 
4.4.2 个人信贷指标体系的确定 ........................................................... 55 
4.4.3 个人信贷指标体系的性能比较 ................................................... 63 
4.4.4 个人信贷指标与违约率交叉分析 ............................................... 66 
4.5 本章小结 ................................................................................................. 76 
第五章基于多分类器集成规则的个人信贷风险评估模型 ..................77 
5.1 个人信贷评估模型的性能评价指标 ..................................................... 77 
5.2 基于神经网络预测的个人信贷风险评估模型 ..................................... 79 
5.2.1 BP 神经网络模型 .......................................................................... 79 
5.2.2 构造基于 BP 神经网络的个人信贷风险评估模型 .................... 81 
5.3 基于支持向量机的个人信贷风险评估模型 ......................................... 83 
5.3.1 支持向量机模型 ........................................................................... 83 
5.3.2 构造基于支持向量机的个人信贷风险评估模型 ....................... 85 















5.4.1 随机森林法 RF ............................................................................. 86 
5.4.2 构造基于非参数随机森林的个人信贷风险评估模型 ............... 89 
5.5 基于 Logistic 回归的个人信贷评估模型 ............................................. 90 
5.5.1 Logistic 回归模型 ......................................................................... 90 
5.5.2 构建基于 Logistic 回归的个人信贷风险评估模型 ................... 91 
5.6 构造基于多分类器集成规则的个人信贷风险评估模型 ..................... 91 
5.6.1 构建多分类器的集成规则 ........................................................... 92 
5.6.2 构造基于多分类器集成规则的个人信贷风险评估模型 ........... 96 
5.7 本章小结 ................................................................................................. 98 
第六章 我国个人信贷风险评估模型的实证研究 ............................100 
6.1 样本数据的分组 ................................................................................... 100 
6.2 基于随机森林法的个人信贷风险评估模型实证 ............................... 101 
6.2.1 RF 模型参数的选择 .................................................................... 101 
6.2.2 RF 模型实证结果 ........................................................................ 103 
6.3 基于支持向量机的个人信贷风险评估模型实证 ............................... 105 
6.3.1  SVM 评估模型参数的选择 ..................................................... 105 
6.3.2  SVM 模型实证结果 ................................................................. 107 
6.4 基于 BP 神经网络的个人信贷风险评估模型实证 ............................. 108 
6.4.1 BP 神经网络评估模型参数的选择 ............................................ 108 
6.4.2 BP 神经网络评估模型实证结果 ................................................ 109 
6.5 基于 Logistic 回归的个人信贷风险评估模型实证 ............................ 111 
6.5.1 Logistic 回归评估模型系数的估计及检验 ............................... 111 
6.5.2 Logistic 回归评估模型实证结果 ............................................... 112 
6.6 基于多分类器集成规则的个人信贷风险评估模型实证 .................... 113 
6.6.1 集成评估模型的加权权重的计算 ............................................. 113 
6.6.2 集成评估模型的实证结果 ......................................................... 113 
6.7 五种个人信贷风险评估模型的性能比较 ............................................ 114 
6.7.1 各个准确率指标的比较 ............................................................. 114 














6.7.3 模型稳健性的比较 ..................................................................... 117 
6.7.4 简单多数投票法与本文改进的加权投票法集成规则的比较 . 118 
6.8 本章小结 ................................................................................................ 119 
第七章结论与展望 ................................................................................120 
7.1 本文的研究结论 ................................................................................... 120 


















1 Introduction ·········································· 1 
1.1 Background of Subject and Issues Raised ······················1 
1.2 Goal and Meanings of Research ······························· 3 
1.2.1 Goal of Research ·······································3 
1.2.2 Meanings of Research ···································3 
1.3 Status Quo of Research at Home and Abroad and Comments ····· 5 
1.3.1 Status Quo of Credit Risk Evaluation at Home and Abroad ······5 
1.3.2 Status Quo of Credit Risk Evaluation Based on Multiple Classifiers 
at Home and Abroad ·······································13 
1.3.3 Comments on Status Quo of Research ·····················14 
1.4 Main Research Contents and Innovations ······················ 16 
1.4.1 Main Research Contents ································16 
1.4.2 Main Innovations ·····································17 
2 Theoretic Base of Personal Loans Assessment and Multiple 
Classifiers ············································· 20 
2.1 Adverse Seleetion and Moral Hazard underAsymmetrie Information
 ······························································ 20 
2.2 Basel II ···················································· 22 
2.2.1 Production of 1998 Basel ··································································· 22 
2.2.2 Main Contents of Basel II ·······························24 
2.2.3 Requirements of Basel II on Credit Risk ···················25 
2.3 Goal and Target of Personal Loans Risk Assessment ············ 27 
2.3.1 Goal of Personal Loans Risk Assessment ···················27 
2.3.2 Target of Personal Loans Risk Assessment ··················28 














Information Fusion ············································ 29 
2.4.1 Main Research Contents and Methods of Information Fusion ···29 
2.4.2 Integration of multiple classifiers and Information Fusion ······31 
2.5 Conclusion on This Chapter ································· 33 
3 Theories and Methods of Input Variables ················· 34 
3.1 Traditional Main Methods of Variable Selection ················ 34 
3.1.1 Principal Components Analysis(PCA) ·····················34 
3.1.2 Factor Analysis ·······································36 
3.1.3 Canonical Correlation Analysis ··························36 
3.2 Random Forest ············································· 37 
3.2.1 Bagging Method ······································39 
3.2.2 Random Forest(RF) ···································40 
3.2.3 Extended Random Forest ·······························41 
3.3 Conclusion on This Chapter ································· 43 
4 Study on Variables of Personal Loans Risk Assessment in China
 ······················································ 44 
4.1 Personal Credit Risk Analysis ································ 44 
4.2 Principals of Variable Selection ······························· 47 
4.3 Preliminary analysis of Variable ······························ 48 
4.4 Variable Selection based on Extended Random Forest ··········· 54 
4.4.1 Data source and preprocessing ···························55 
4.4.2 Variable Selection ·····································56 
4.4.3 Performance comparison of Variable Selection ··············64 
4.4.4 Variables of Personal Loans and defaults cross-analysis ·······66 
4.5 Conclusion on This Chapter ································· 76 
5 Personal Loans Risk Assessment based on Multiple Classifiers 
Integration ············································ 77 















5.2 Personal Loans Risk Assessment Model Based on BP Neural Network
 ······························································ 79 
5.2.1 BP Neural Network ····································79 
5.2.2 Construction Model Based on BP Neural Network ···········81 
5.3 Personal Loans Risk Assessment Model Based on Support Vector 
Machine ······················································ 83 
5.3.1 SVM ···············································83 
5.3.2 Construction Model Based on SVM ·······················85 
5.4 Personal Loans Risk Assessment Model Based on Random Forest · 86 
5.4.1 Random Forest(RF) ···································86 
5.4.2 Construction Model Based on RF ·························89 
5.5 Personal Loans Risk Assessment Model Based on Logistic Regression
 ······························································ 90 
5.5.1 Logistic Regression ····································90 
5.5.2 Construction Model Based on Logistic Regression ···········91 
5.6 Personal Loans Risk Assessment Model Based on Multiple Classifiers 
Integration ···················································· 92 
5.6.1 Multi-Classifiers Integration ·····························96 
5.6.2 Construction Model Based on Multi-Classifiers Integration ····98 
5.7 Conclusion on This Chapter ································· 98 
6Experiment on Personal Loans Risk Assessment Model in China
 ····················································· 100 
6.1 Sample data packet········································ 100 
6.2 Experiment on Model Based on RF ·························· 101 
6.2.1 Choice of Parameters of Model Based on RF ···············101 
6.2.2 Experiment Results ···································103 
6.3 Experiment on Model Based on SVM ························ 105 
6.3.1  Choice of Parameters of Model Based on SVM ···········105 














6.4 Experiment on Model Based on BP ·························· 108 
6.4.1 Choice of Parameters of Model Based on BP ···············108 
6.4.2 Experiment Results ···································109 
6.5 Experiment on Model Based on Logistic Regression ············ 111 
6.5.1 Choice of Parameters of Model Based on Logistic Regression · 111 
6.5.2 Experiment Results ··································· 112 
6.6 Experiment on Model Based on Multi-Classifiers Integration ··· 113 
6.6.1 Weight Calculation of Model Based on Multi-Classifiers 
Integration ·············································· 113 
6.6.2 Experiment Results ··································· 113 
6.7Performance Comparison of the Five Models ·················· 114 
6.7.1 Comparison of Accuracy ······························· 114 
6.7.2 Comparison of Two Types of False Positives ··············· 116 
6.7.3 Comparison of Robustness ····························· 117 
6.7.4 Comparison of Weighted Voting and Majority Voting ········ 118 
6.8 Conclusion on This Chapter ································ 118 
7 Conclusion and Future Works ····························· 119 
7.1 Conclusion ················································ 119 
7.2 Future Works············································· 121 
References ·············································· 124 
































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
